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The aim of this study was to determine the extent of correlation and agreement between arterial oxygen saturation
and oxygen saturation as recorded by transcutaneous pulse oximetry, with a view to identifying whether pulse
oximetry can be used as an alternative to arterial values in the clinical management of patients with acute
exacerbations of chronic obstructive airways disease (COAD) in the emergency department. It also aims to
determine whether there is a cut-off level of oxygen saturation by pulse oximetry that can screen for significant
systemic hypoxia in this group.
This prospective study of patients with acute exacerbations of COAD who were deemed by their treating doctor
to require an arterial blood gas analysis to determine their ventilatory status, compared arterial oxygen saturation
with simultaneously recorded oxygen saturation measured by transcutaneous pulse oximetry. Data were analysed
using Pearson correlation, bias plot (Bland–Altman) methods for agreement and the receiver operator
characteristic (ROC) curve method for determination of a screening cut-off.
Sixty-four sample-pairs were analysed for this study. Nine (14%) had significant hypoxia (arterial PO2 less than
60mmHg). The correlation coecient was 0?91. The bias (Bland–Altman) plot shows a constant bias of70?758%
and only fair agreement, with 95% limits for agreement of 78?2 to +6?7%. With respect to the ROC curve
analysis, the ‘best’ cut-off for detection of hypoxia was at oxygen saturation by pulse oximetry of 92% (sensitivity
100%, specificity 86%).
In conclusion, there is not sucient agreement for oxygen saturation measured by pulse oximetry to replace
analysis of an arterial blood gas sample in the clinical evaluation of oxygenation in emergency patients with COAD.
However, oxygen saturation by pulse oximetry may be an effective screening test for systemic hypoxia, with the
screening cut-off of 92% having sensitivity for the detection of systemic hypoxia of 100% with specificity of 86%.
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Exacerbations of chronic obstructive airways disease
(COAD) are common reasons for presentation to the
emergency department (ED). In addition to clinical
examination, objective quantification of oxygenation is
often required to guide treatment decision-making. In the
past, this has mandated the taking of an arterial blood gas
sample which is often painful and carries the risk of
complications such as local haematoma, infection and
occlusion/embolization with consequent ischaemic injury to
the digits.Received 9 October 2000 and accepted in revised form 19 January
2001.
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0954-6111/01/050336+05 $35?00/0In recent years, measurement of oxygen saturation by
pulse oximetry has gained popularity. A meta-analysis of
published studies investigating the accuracy of oxygen
saturation measured by pulse oximetry compared to oxygen
saturation in an arterial blood sample measured by co-
oximetry found a weighted mean correlation coecient of
0?895 (1). The vast majority of those studies were however
performed on healthy volunteers.
There have been a number of small studies looking
specifically at the accuracy of pulse oximetry in respiratory
patients. They showed correlations between arterial oxygen
saturation by co-oximetry and transcutaneous pulse oxi-
metry of between 0?77 and 0?99 (2–9). Where bias and
precision were given, the range for bias was 70?70 to
1?86%. Precision was reported in only one study and was
3?11% (9). These studies used a wide variety of oximeters,
were mainly conducted in the inpatient environment and
most were published before 1991. The authors were unable
to find any studies specifically investigating the accuracy of# 2001 HARCOURT PUBLISHERS LTD
ACCURACY OF PULSE OXIMETERS IN COAD 337pulse oximetry (using modern equipment) in the ED
population with exacerbations of COAD.
This study aims to determine the extent of correlation
and agreement between arterial oxygen saturation as
measured on an arterial blood gas sample and saturation
as recorded by transcutaneous pulse oximetry, with a view
to identifying whether pulse oximetry can be used as an
alternative to arterial values in the clinical management of
patients with acute exacerbations of COAD in the ED. It
also aims to determine whether there is a cut-off level of
oxygen saturation by pulse oximetry that can reliably
screen for significant systemic hypoxia in this group.
Materials and methods
This is a subgroup analysis of a prospective study that was
conducted in the Emergency Department of Western
Hospital, a 250-bed community teaching hospital in
Melbourne, Australia. The ED has an annual census of
36000 adult patients.
Patients were eligible for entry into the study if they
presented with acute respiratory illness or critical illness
with potential ventilatory compromise and were deemed by
their treating doctor to require an arterial blood gas
analysis to determine their ventilatory status. The addi-
tional criterion for entry into this substudy was an ED
diagnosis of COAD.
After obtaining verbal consent from the patient or their
relative, patients had arterial blood gas samples drawn and
simultaneous documentation of oxygen saturation by trans-
cutaneous pulse oximetry. The oximeters used were PropacTM
model 104EL, NelcorTM model N20 and Hewlett Pac-
khardTM model Viridia 24. A pilot study of 109 simultaneous
comparisons between readings by these oximeters analysed by
Bland–Altman bias plot showed a bias of70?59%, with 95%
limits of agreement of 72?8% to +1.7%.
For patients receiving supplemental oxygen therapy, this
was kept constant for the 10-min period preceding the
taking of the sample and reading. The blood sample was
analysed as soon as possible after collection. Blood gasFIG. 1. Relationship between oxygen saturation by pulse oximesamples were analysed using Bayer Diagnostics Rapid Lab
855 and 865 analysers. The manufacturer reported co-
ecient of variation for the oxyhaemoglobin fraction is
0?5%, with a coecient of variation for PO2 of 2?5%.
For the purposes of analysis, significant systemic hypoxia
was defined as an arterial PO2 of less than 60mmHg.
Data were analysed using Pearson correlation, bias plot
[Bland–Altman (14,15)] methods for agreement and receiver
operator characteristic (ROC) curve method for determina-
tion of the screening cut-off using the Analyse-ItTM software.
The study was approved by the Clinical Research and
Ethics Committee.
Results
Sixty-four patients met the entry criteria. For the total
sample, the median arterial PO2 was 83?4mmHg (range 29–
434mmHg). Nine samples (14%) had significant systemic
hypoxia as defined in the study.
The Pearson’s correlation coecient was 0?91. The
relationship between oxygen saturation by pulse oximetry
and that calculated from a blood gas is shown in Fig. 1.
The bias (Bland–Altman) plot (Fig. 2) shows a constant
bias of 70?78% with only fair agreement. The 95% limits
of agreement are 78?2 to +6?7%, i.e. 95% of the
difference between measures would fall into this band.
The ROC curve for determining the screening cut-off for
oxygen saturation by pulse oximetry with respect to
systemic hypoxia is shown in Fig. 3. The area under the
curve is 0?963, with a standard error of 0?02. The screening
cut-off suggested by this curve is at oxygen saturation by
pulse oximetry of 92% that has a sensitivity for the detec-
tion of systemic hypoxia 100% (95% Cl 667100%) and a
specificity of 86% (95% Cl 73–94%). The performance of
different screening cut-offs is also shown in Table 1.
Discussion
Arterial blood gas analysis is the standard method for
quantification of oxygenation in ED patients with acutetry and calculated from blood gas analysis.
FIG. 2. Bias plot of agreement between oxygen saturation by pulse oximeter and by co-oximetry of an arterial sample.
FIG. 3. ROC curve for ability of oxygen saturation by pulse
oximetry predicting systemic hypoxia.
TABLE 1. Performance of different levels of screening cut-off
for the detection of hypoxia by pulse oximetry
Oxygen
saturation by
pulse oximetry
(%)
Sensitivity
for detection
of hypoxia (%)
Specificity
(%)
False-
negatives
(%)
87 44.4 96.4 56
88 66.7 96.4 33
89 77.8 94.5 22
90 88.9 90.9 11
91 88.9 87.3 11
92 100 85.5 0
338 A.-M. KELLY ET AL.exacerbations of COAD. Arterial sampling is however
painful and carries a small risk of vascular complications
for the patient. It also requires an additional vascular
puncture, thus exposing staff to increased risk of needlestick
injuries and transmission of blood-borne infections.
The finding that there is a high degree of correlation
between oxygen saturation measured by pulse oximetry and
oxygen saturation as measured by co-oximetry on an
arterial blood sample is not surprising and is consistent
with previous data (1–13). However, correlation does not
necessarily imply agreement between the results, which is
the clinically relevant measure. The method commonly usedto assess the agreement between tests is that described by
Altman and Bland (14,15). That method plots the difference
between the tests against an estimation of the true result of
the test (assumed to be the mean of the test results). This
showed a constant bias of 70?743% and only fair
agreement. The width of the 95% limits of agreement
(approximately 15%) is very large in the context of the
oxygen saturation curve where, due to its S shape and steep
slope, small changes in per cent saturation may translate
into large changes in PO2. This degree of agreement is not
sucient for the acceptance of oxygen saturation by pulse
oximetry as a replacement for arterial oxygen saturation by
co-oximety.
The reasons for the inaccuracy of pulse oximeters in this
setting are unclear. It has been suggested that in hypoxia
the level of reduced haemoglobin is greater, which can
magnify the error in the absorption ratio (16) and that
ACCURACY OF PULSE OXIMETERS IN COAD 339oxyhaemoglobin and deoxyhaemoglobin are more similar
in colour, also magnifying error (17,18). Patients with acute
exacerbations of COAD may also have high levels of
circulating a-adrenergic agents which may impair perfusion
or higher levels of carboxyhaemoglobin (due to continued
smoking), both of which have been shown to influence the
accuracy of pulse oximetry readings (1).
If it is accepted that oxygen saturation by pulse oximetry
cannot be used as a replacement for measurement of
saturation on an arterial sample, the question remains
whether there is a cut-off level of oxygen saturation by pulse
oximetry that can reliably be used as a screening test for
systemic hypoxia. Patients with an oxygen saturation by
pulse oximetry below this level would have arterial gases
performed to more accurately assess for hypoxia, while
arterial puncture (and its risks) could be avoided in those
above the cut-off level. The ROC curve analysis suggests a
‘best’ screening cut-off of oxygen saturation by pulse
oximetry of 92%, with a sensitivity of 100% and a speci-
ficity of 86%. Although the disease processes are somewhat
different, this is supported by a study of patients with
asthma which found that only 4?3% of patients with oxy-
gen saturation by pulse oximetry of 92% or more had respi-
ratory failure (defined as PO258 kPa or PCO246 kPa) (19).
It must also be remembered that in the assessment of
respiratory function, oxygen saturation and PO2 are not
assessed in isolation. They are used in conjunction with pH
and PCO2 to assess severity of illness and guide therapy.
Thus, it could be argued that arterial blood gas analysis is
still required in order to collect all of this relevant data. A
recent study shows high correlation and agreement between
arterial and venous pH (mean difference70?04 units) (20).
The degree of agreement shown was sucient to suggest
that venous pH can be used as an accurate alternative to
arterial pH in the ED assessment of patients. With respect
to PCO2 another study has found that venous PCO2 can be
used to screen for systemic hyper-carbia in patients with
respiratory disease and has suggested a screening cut-off of
PCO2 of 45mmHg (unpublished data). As venous blood
would be drawn anyway in these cases to assess, among
other things electrolyte status and hydration, analysis of
this sample for pH and PCO2 avoids an additional and
arterial puncture with its associated risks.
One of the main uses for pulse oximeters is the
continuous monitoring of oxygen saturation in emergency,
critical care, operating theatre and respiratory ward
settings. The findings of this study do not challenge this
use where it is the trend of readings as much as the absolute
value that is of interest. Rather, the study suggests that
clinicians should not be over-confident about the accuracy
of oximeters in the ED assessment of patients with
respiratory disease. For patients with oxygen saturation
by pulse oximetry below 92% or in whom there is clinical
suspicion of hypoxia, evaluation of an arterial sample is
probably prudent.
This study has some limitations that should be considered
when interpreting the results. The study sample was a
convenience sample based on when time and resources
allowed patient enrolment. This is however unlikely to have
resulted in systematic bias. As only 14% of the sample hadsignificant systemic hypoxia, it might be argued that
accuracy at the extremes of the PO2 range has not been
adequately tested. Oxygen saturation by co-oximetry was
taken as the ‘gold standard’, however this method is known
to have a degree of error of the order of 1% oxyhaemoglo-
bin, with a reported coecient of variation of 5?1+3?2%
(1). In addition, the study was conducted at a single
institution and for practical reasons required consent to be
given in English. Thus, the sample is biased towards
English-speaking Australians and generalization to other
ethnic groups or patient populations might be in question.
For these reasons, the data here are functionally a derivation
set. Validation of the findings on another sample is needed
before the suggested screening cut-off can be confirmed.
Conclusion
There is not sucient agreement for oxygen saturation
measured by pulse oximetry to replace analysis of an
arterial blood gas sample in the clinical evaluation of
oxygenation in emergency patients with COAD. However,
oxygen saturation by pulse oximetry may be an effective
screening test for systemic hypoxia, with the screening cut-
off of 92% having sensitivity for the detection of systemic
hypoxia of 100% with specificity of 86%.
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